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Amendments 
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during Applicants' review of the application. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

(Attorney Docket No.: 98RSS367) 



TITLE: JFET/CMOS IMAGER 

SPECIFICATION 
BACKGROUND 

1. Field of the Invention 

The present invention relates to digital imaging systems using CMOS photodetectors 
and more particularly to JFET/CMOS imagers. 

2. Description of the Related Art 
CMOS Imaging 

CMOS (Complementary Metal Oxide Semiconductor) image sensors are specialized 
integrated circuits (ICs) that act as the "eye" of digital still or video cameras, as well as other 
electronic equipment. CMOS image sensors detect and convert incident light (photons) — 
first into electronic charge (electrons) and, ultimately, into digital bits. The sensor core 
typically consists of an array of photodiodes which detect visible light. CMOS transistors co- 
located in each picture element (pixel) select, amplify and transfer the photodiode signals. A 
CMOS imager or imaging system typically includes the sensor core and various ancillary 
circuits which dynamically amplify the signal depending on lighting conditions, suppress 
noise, process the detected image and translate the digitized data into an optimum format. 

CMOS Developments 

Developments in CMOS image sensor technology are paving the way for a new 
generation of digital imaging products with broad consumer applicability. According to 
research studies conducted by Intel Corporation, consumers' first preference for a computer 
peripheral is a digital camera. Digital camera sales are continuing to boom as high quality, 
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full-featured products become affordable for a broad base of consumers. With the ability to 
provide instantly viewable and easily insertable images into computer-generated documents, 
the rise in the popularity of the Internet as a communications medium, and most importantly, 
the elimination of the cost and time of film processing, digital cameras are poised to replace 
5 traditional film cameras for many consumer applications. 

The total available market for digital imaging, including industrial and security 
cameras, automotive sensors, PC videocams, scanners, digital still cameras and digital 
camcorders, is forecasted to grow from about 20 million units in 1996 to over 100 million 
units in 2002. Most digital imaging devices currently use charge coupled device (CCD) 
10 image sensors to electronically capture images. A CCD device is a charge-transfer device that 
collects photocharge in pixels and uses clock pulses to shift the charge along a chain of pixels 
to a charge-sensitive amplifier. CCDs typically output pixel-by-pixel analog signals. CCDs 
have been used for about 25 years to provide image sensing in products including video 
cameras, security cameras and now digital still cameras as well as fax machines and copiers. 
15 CCD technology has been incrementally engineered to provide high quality images 

with low visible noise (granular distortion visible in the image). However, CCDs are complex 
and expensive to use in cameras; they usually require three to eight supporting chips 
(depending on camera features) as well as multiple voltage sources. In addition, CCDs 
typically begin to exhibit unacceptably high noise levels above a threshold of roughly 1024 x 
20 768 resolution (the typical resolution of high-end camcorders) at video frame rates (30 frames 

per second). The high-resolution CCDs used for high-end applications have been cost- 
prohibitive for consumer products and have been operated at slow rates to minimize their read 
noise. 

CMOS imager technology, on the other hand, can deliver significant system cost 
25 savings and can mitigate the performance limitations of the CCD. A fully integrated CMOS 
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solution can be five times lower in cost and ten times lower in power consumption (which 
leads to longer battery life, better form factors and reduced weight) than a comparable CCD 
imaging solution. 
Applications 

CMOS video imagers can be implemented in widely-used consumer products such as 
camcorders and digital cameras to create images usable by PCs, as well as in toys, security 
cameras and digital cellular/PCS telephone systems. Business and industrial applications 
include videoconferencing, machine vision, medical instrumentation, broadcasting and video- 
based information display or acquisition for real estate, insurance and other business 
segments. 

CMOS still imagers can reduce the cost and power required to provide high quality 
image sensing for consumer products including still digital cameras, toys, portable 
communications devices and security equipment. Business and industrial applications include 
professional photography for publishing, office automation, machine vision and medical 
instrumentation. 
History of CMOS Imaging 

MOS fabrication technology has been used since about 1977 to produce imagers. 
Early camcorders used NMOS (N-channel Metal Oxide Semiconductor) image sensors which 
were quite competitive with the nascent CCD-based products of the early 1980's. CCDs 
proved superior for most imagers, however, because of the immaturity of MOS transistor 
integration. Specialized imagers subsequently migrated to CMOS in about 1984 to facilitate 
robust operation, radiation hardness and higher performance for space exploration, aerospace 
and low-volume commercial applications. Ever shrinking circuit geometries coupled with 
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advances in imager design have now enabled the circuit miniaturization needed to produce 
CMOS imagers at the higher pixel resolutions needed for compact consumer electronics. 

CMOS imagers can offer several significant advantages over CCD imagers, including 
lower overall cost for the imaging system bill of materials (BOM), lower power requirements 
and a higher level of integration, enabling "camera-on-a-chip" capabilities that can also 
reduce the size of the imaging system. In addition, CMOS imagers are usually relatively easy 
to manufacture in a standard CMOS wafer fabrication facility, whereas CCDs can be 
complex, expensive to produce, and can require a specialized fabrication facility dedicated to 
CCDs. 

With process geometries of 0.5 um and below, CMOS imagers can support resolution 
comparable to that of CCDs. In addition, a single CMOS imager includes anti-blooming and 
on-chip signal conditioning so objectionable artifacts and noise can be suppressed to very low 
levels. Blooming is the overflow of signal charge from extremely bright pixels to adjoining 
pixels that results from oversaturation. Blooming is similar to overexposure in film 
photography, except that it is manifested in electronic imaging media as vertical or horizontal 
streaks. Standard CCD cameras, for example, often portray night-time images of cars with 
two vertical streaks caused by blooming from headlight saturation. Adding saturation- 
limiting potential barriers and a charge sink adjacent to the pixel can help eliminate blooming. 
Blooming is not a problem in typical CMOS active pixel sensors because no charge is 
transferred either within the pixel or pixel-to-pixel. 

As process geometries continue to shrink, integration levels continue to increase. 
CMOS has been positioning itself as the technology of choice for all imaging products. 
According to industry analysts, CMOS image sensors are expected to gradually replace CCDs 
in many digital imaging applications and account for nearly 50 percent of digital imagers over 
the next five years. 
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Ease of Manufacture 

CMOS is used to manufacture approximately 90 percent of all semiconductors today, 
including most memory devices, microprocessors and application specific integrated circuits 
(ASICs). Manufacturing imagers using this highly standardized process is typically less 
5 costly than producing CCDs, which are usually made using specialized fabrication processes 

that require dedicated manufacturing equipment. In addition, unlike CMOS, CCDs have not 
integrated digital logic on the same chip nor supported the level of integration and availability 
of functional cells. 

As a further benefit of the standardized CMOS technology, most semiconductor 
10 technology advances occur in CMOS technology, financed by the ongoing efforts of major 

manufacturers to produce larger memory chips and faster microprocessors. Other devices 
produced in CMOS will benefit from the ongoing research and investment in new equipment 
that is required to move to smaller process geometries, which allow more functions to be 
integrated onto a single chip. 

15 "Camera-on-a Chip" Capability 

With CCD imagers, only the image capture and foliation functions have been included 
on the CCD image sensing device. A handful of supporting semiconductors are usually 
required to operate the device, condition the image signal, perform post-processing, and 
generate standard video output. In contrast, CMOS imagers can be made with a "camera-on- 
20 a-chip" capability. The fully integrated product can offer five times lower cost and ten times 

lower power consumption (which leads to longer battery life for portable devices) than a 
comparable CCD imaging board. 
Performance 

Resolution and noise are two interrelated parameters that are used to measure 
25 performance of a digital image sensor. There are two dimensions of noise: read noise and 
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fixed pattern noise (FPN). Read noise (also known as temporal noise) occurs randomly from 
time to time and is generated by several basic noise mechanisms of electronic components 
and looks to observers like the "snow" present on inactive TV channels. FPN, on the other 
hand, does not change from frame to frame and is somewhat analogous to peering at scenes 
5 through a chain-link fence. Depending on its relative magnitude, FPN can be quite 

objectionable relative to the temporal noise. 

CMOS imager technology can readily support future digital imaging devices. Active 
pixel sensor imagers can offer extremely low read noise at video frame rates because the 
amplifier at each pixel typically operates at much lower bandwidth than the output amplifier. 
_ 10 This basic change can reduce the read noise by at least a factor of 1 0. 

While pixel-based amplification is a key attribute, the fact that each pixel's photo- 
generated charge is independently converted to a voltage can also be a drawback. Since the 
amplifiers are not exactly alike from pixel to pixel, the resulting FPN often can limit imaging 
= performance more than temporal noise. A key to successful CMOS imagers has been to 

-15 integrate the necessary on-chip circuitry to eliminate the fixed pattern noise. Although 

CMOS readily facilitates such integration, the size of such circuits has presented problems. 

Inside a CMOS Imager 

CMOS pixel arrays form the core of a CMOS image sensor. CMOS pixel arrays are 
based on either active or passive pixels. A pixel is an individual picture element. In solid- 
20 state imagers, a pixel refers to a discrete photosensitive cell that can collect and hold a 

photocharge. Photocharge is a phenomenon in which silicon exposed to photons results in the 
release of charge carriers. A photocurrent results when an electric field sweeps the carriers 
away. The current that the light generates is directly proportional to the light intensity. A 
photocharge results when a capacitor collects the charge that the photocurrent carries. The 
25 display resulting from the collection of photocharge usually has the same number of pixels as 
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the imager does. Passive pixels typically use a simpler internal structure, which does not 
amplify the photodiode's signal within each pixel. Active pixels typically include 
amplification circuitry in each pixel. 

The simplest CMOS imaging pixel is a passive pixel, which consists of a photodiode 
and an access transistor; the photo-generated charge is passively transferred from each pixel 
to downstream circuits. The charge must, however, be efficiently transferred with low noise 
and nonuniformity. A Passive Pixel Sensor (PPS) — a CMOS image sensor made with 
passive pixels — thus shifts the signal processing burden from each pixel to support circuits 
which read each pixel, convert the charge to a signal voltage, amplify the resulting signal, 
suppress the temporal noise and cancel the support nonuniformity created by these circuits. 

The fraction of real estate within each pixel which detects light is the optical fill 
factor. A fill factor is the ratio of light-sensitive area to the pixel's total size, also known as 
aperture efficiency. The fill factor is not 100% because some of the pixel area must be used 
to transfer the signal to the rest of the imager. 

Passive pixel sensors typically have a high fill factor — typically 70 to 80 percent — 
because the pixel often contains as few as one access transistor. PPS technology has been 
used for applications requiring a lower-cost image sensor solution, such as transmission of 
video over standard telephone lines for personal communications and business 
videoconferencing. The large optical fill factor can maximize signal collection and, hence, 
minimize fabrication cost by avoiding the need for microlenses. Microlenses — lenses etched 
directly on the chip's surface for each pixel — are a standard feature of CCDs and many 
CMOS active pixel sensors. When accurately deposited over each pixel, microlenses 
concentrate the incoming light into the photo-sensitive region, increasing the effective fill 
factor. When the as-drawn fill factor is low and microlenses are not used, the light falling 
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elsewhere is either lost or, in some cases, creates artifacts in the images by generating 
electrical currents in the circuitry. 

Active pixel sensors (APS) — CMOS imagers made with active pixels — typically 
incorporate transistors in each pixel to convert the photo-generated charge to a voltage, 
5 amplify the resulting signal and reduce noise. Adding these components typically reduces 
APS fill factor in 0.6 :m processes to about 20 to 30 percent. To counter the lower fill factor, 
APS imagers often use microlenses to capture the light that would otherwise strike the pixel's 
insensitive area. Microlenses can double or triple the effective fill factor. The lower temporal 
noise of APS imagers make APS imagers very useful for digital still camera applications. 

10 Many other problems and disadvantages of the prior art will become apparent to one 

skilled in the art after comparing such prior art with the techniques as described herein. 
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SUMMARY OF THE INVENTION 

Briefly, a complimentary metal oxide semiconductor (CMOS) device such as an 
imager provides a photosensitive junction field-effect transistor (JFET) formed on a silicon 
substrate. The JFET detects incident photons through an overglass layer to a photo absorbing 
5 layer formed on the surface of the substrate, and produces an electrical signal corresponding 

to the number of photon detected. 

On one embodiment, the JFET/CMOS device has a lower corner frequency than an N- 
metal oxide semiconductor (NMOS) JFET of the same size. In another embodiment, the 
JFET/CMOS device has a lower input refereed noise than an NMOS JFET of the same size. 

10 A CMOS active pixel sensor (APS) imaging element is made using a JFET/CMOS 

device capable of detecting photons and producing an electrical signal corresponding to the 
number of photons detected. In one embodiment, the JFET/CMOS APS imaging element 
contains a source follower circuit. In another embodiment, the JFET/CMOS APS imaging 
element contains a source follower with positive feedback and laser trimmability. In a third 

"15 embodiment, the JFET/CMOS APS imaging element is contained in a differential amplifier. 

A digital camera can be implemented using an array of CMOS APS pixels that use a 
JFET/CMOS device for both photodetection and electrical signal amplification. 

A process of fabricating a JFET/CMOS device forms a photosensitive JFET in the 
CMOS device on a wafer. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



A better understanding of the present invention can be obtained when the following 
detailed description is considered in conjunction with the following drawings. 

Figure 1 is a block diagram of an exemplary CMOS imager according to the present 
invention; 

Figure 2 is a block diagram of a conventional CMOS passive pixel sensor; 

Figure 3 is a cross sectional view of a conventional CMOS passive pixel sensor; 

Figure 4 is a block diagram of a conventional CMOS active pixel sensor; 

Figure 5 is a cross sectional view of an exemplary JFET/CMOS active pixel; 

Figure 6 is a circuit diagram of an exemplary JFET/CMOS active pixel with an 
integrated source follower configuration; 

Figure 7 is a circuit diagram of an exemplary JFET/CMOS active pixel configured 
with a source follower with positive feedback and laser trimmability; 

Figure 8 is a circuit diagram of an exemplary JFET/CMOS active pixel with a 
differential amplifier configuration; 

Figure 9 is a graph showing fill factors and signal-to-noise ratios of JFET/CMOS 
active pixel sensors and conventional CMOS pixel sensor configurations; and 

Figure 10 is a flow chart showing an exemplary JFET/CMOS fabrication process in 
accordance with a JFET/CMOS active pixel sensor. 
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DETAILED DESCRIPTION OF THE DRAWINGS 



Turning now to Figure 1, an exemplary digital camera imager 100 is shown. Incident 
light passes through camera optics 160 onto the imager 100. An imaging capture/formation 
block 110 detects the incident photons and generates electrical signals based on the detected 
5 photons. An image signal conditioning block 120 performs signal conditioning actions such 

as color correction, gain control, and the like. 

The image signal conditioning block 120 can direct a drive electronics block 130 to 
adjust image capture parameters such as integration time (the time photons are allowed to 
accumulate before the electrical signals are transmitted to the signal conditioning block 120) 

10 for example. The drive electronics block 130 controls the behavior of the capture/formation 

block 110. Depending on the final output desired, the signal conditioning block 120 may 
directly generate video output to standard video devices, for example, camcorders, TVs, and 
PCs. For other output devices, a post-processing block 140 can be used to convert the video 
signal into a machine-friendly video signal. 

15 In a conventional CMOS passive pixel sensor (PPS) element as shown in Figure 2, a 

pixel 200 contains two elements, a photodiode 210 and a switch transistor 220 connected to 
the output of the photodiode 210. Photons hitting the photodiode 210 produce an electrical 
charge which at the end of the integration time is passed by the switch transistor 220 to a 
column bus 230. The charge is passed to a common output amplifier logic circuit 240 to 

20 generate a video out (Vout) signal. The output amplifier 240 reads the pixel 200, converts the 

associated charge to a voltage signal, amplifies the resulting voltage signal, suppresses 
temporal noise, and cancels the support non-uniformity created by the output amplifier 240. 
Because the pixel 200 typically contains only the photodiode 210 and the switch transistor 
220, the fraction of real estate in the pixel 200 which detects light (the "fill factor") is 

25 relatively large, typically 70 to 80%. 

12 

044368.0124 HOUSTON 1 16692 v4 EL339109639US 



Figure 3 is a cross-section of a typical PPS pixel 300. A photodiode 320 is formed on 
a detector area 310 on a substrate 305. A selection transistor 330 allows voltage to pass to a 
column bus connector 340, formed in an interlevel dielectric layer 360. An overglass layer 
360 is formed on top of the dielectric layer 360 and the column bus connector 340. A 
5 planarization layer 370 provides a planar surface for a color filter layer and final planarization 

layer 380. A microlens 390 can be formed on the planarization layer 380 to further focus 
light onto the photodiode 320. Formation and use of these layers are generally understood in 
the art. 

Turning to Figure 4, a conventional active pixel sensor (APS) 400 is shown. The APS 

10 pixel 400 contains a photodiode 410, a switch transistor 420 and an amplifier 415. The output 

of the switch transistor 420 is connected to a column bus 430 and an output amplifier logic 
440. A photodiode 410, the switch transistor 420, and the column bus 430 are of like 
operation and structure as the corresponding elements of the PPS of Figure 2. The amplifier 
415 contained in the APS pixel 400 converts the photo-generated charge to a voltage inside 

15 the APS pixel 400, hence, the output amplifier logic 440 can be simpler in structure than the 

equivalent output amplifier 240 of the PPS pixel 200 of Figure 2. While the amplifier 415 
amplifies the resulting signal and reduces noise, the space required by the extra component 
reduces the fill factor considerably, typically to 20 to 30%. To counter the lower fill factor, 
APS imagers typically use microlenses as in Figure 3, increasing the cost of the APS pixel 

20 400, but typically multiplying the effective fill factor by a factor of 2 or 3 . 

Turning now Figure 5, a cross-section of an exemplary JFET/CMOS APS pixel 500 is 
shown. On a substrate 505, a CMOS integrated circuit including a junction field-effect 
transistor (JFET) is formed. The JFET provides both photodetection and electrical 
amplification of the signal corresponding to the number of photons detected, taking the place 

25 of the photodiode and separate transistor in a conventional APS pixel. A photodetection or 
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absorption layer 510 is formed on the surface of the substrate 505. A source connector 520, a 
gate connector 530, and a drain connector 540 are formed in a next layer allowing electrical 
connection of the photodetection layer 530 to a metal layer 560. An overglass layer 550 is 
formed above the metal layer 560 of the APS pixel 500. The overglass layer 550 is capable of 
5 admitting photons to the photodetection layer 510. The JFET 500 detects incident photons 

admitted through the overglass layer 550 and produces an electrical signal corresponding to 
the number of photons detected. By using the JFET/CMOS APS pixel 500 for photodetection 
and electrical amplification, charge is not transferred out of the pixel, reducing temporal noise 
J as is seen in conventional APS pixels. However, because a separate transistor is not needed 

r 10 for amplification, the fill factor of an APS pixel according to a disclosed embodiment is 

comparable to that of a PPS pixel, but with an improved signal to noise ratio because of the 
reduced temporal noise. In a disclosed embodiment, fill factors of 50 to 75% have been 
possible. One skilled in the art will recognize that improvements in CMOS fabrication 
techniques that reduce the size of the APS components can produce improvements in the fill 
15 factor without departing from the spirit of the invention. The use of the term JFET/CMOS 

structure should be understood to refer to a CMOS device with an integrated JFET. 

JFETs formed in integrated circuits have physical properties such as gate width that 
affect electrical properties such as corner frequency and input refereed noise. JFET/CMOS 
devices can be made where the JFET has a corner frequency lower than a JFET formed in a N 

20 Metal Oxide Semiconductor (NMOS) circuit. One embodiment with two gates, each with a 

gate width of 15 urn for a total gate width of 30u.m, shows a corner frequency of 200 Hz, 
compared to an NMOS JFET with a 25um gate width which has a corner frequency of 
100kHz. Lowering the corner frequency is identical to reducing the 1/f noise. Because the 
integrated 1/f noise of the amplifier FET typically dominates for the FET geometries used in 

25 small pixels, the JFET/CMOS structure thus results in lower read noise. The JFET/CMOS 
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structure thus allows the designer to trade a smaller JFET size for an even larger optical fill 
factor to increase the optical sensitivity relative to MOSFET-based APS designs while 
realizing equivalent read noise. This JFET/CMOS embodiment hence manifests higher imager 
signal-to-noise ratio. One skilled in the art will recognize that corner frequency depends on 
gate width and a larger device will usually have a higher corner frequency. Furthermore, a 
JFET/CMOS device can have an input refereed noise - a noise value normalized by amplifier 
gain - of 20dB lower than an NMOS JFET of the same size. 

JFET/CMOS active pixels can be implemented in various types of amplifier circuits as 
shown in Figures 6-8. In each of Figures 6-8, a JFET provides photodetection and electrical 
amplification as described above. Note that the JFETs shown in Figure 6-8 are n-channel 
JFETs. While p-channel JFETs could also be used, such configuration requires either JFET 
integration in an n-well or the use of a p-well CMOS process. If an n-well is used, the well 
must be deeper than about 4 microns to allow absorption of near-infrared photons in the JFET 
rather than at the well-substrate junction. 

In one disclosed circuit shown in Figure 6, an APS pixel 600 is integrated with a 
source follower by connecting a resistor 605 and a bus 640 to a source terminal 615 of a 
readout switch transistor 610. A readout switch transistor 610 is connected to a source 
terminal 635 of a JFET 630 which serves as photodetector and amplifier. The readout switch 
transistor 610 allows switching the output of the pixel 600 to a column bus (not shown) where 
signals from multiple pixels are integrated to generate a video out signal. A drain voltage 
(V DD ) 620 is applied to a drain terminal 637 of the JFET 630. A source voltage (V ss ) 625 is 
applied to the resistor 605. 

Another circuit, shown in Figure 7, integrates a JFET/CMOS active pixel 700 with a 
source follower providing positive feedback and laser trimmability. As in Figure 6, a drain 
voltage (Vdd) 790 is applied to a drain terminal 712 of the JFET 710. However, the pixel 700 
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includes resistors 720 and 730 which provide laser trimmability and positive feedback. Laser 
trirnmability allows adjusting resistance in a circuit by use of a laser to remove material from 
a resistor, thereby increasing its resistance. A current source 770 and a source voltage (Vss) 
780 are attached to a bus 760 and a source terminal 752 of a readout switch transistor 750. 
The readout switch transistor 750 performs the same function as the readout switch transistor 
610 of Figure 6. 

Figure 8 shows a third embodiment integrating a JFET/CMOS active pixel 800 into a 
differential amplifier. Resistors 820 and 880 are connected to source terminals 832 and 876 
of JFETs 830 and 870 respectively. A bus 860 is connected to a source terminal 842 of a 
readout switch transistor 840 as in Figures 6 and 7, but is also connected to a source terminal 
874 of the JFET 870. As in Figure 7, a current source 850 and a source voltage (V S s) are also 
connected to the source terminal 842 of the switch transistor 840. As in Figures 6 and 7, the 
readout switch transistor 840 allows switching the output of the pixel 800 to a column bus 
(not shown) where signals from multiple pixels are integrated to generate a video out signal. 

For each of the embodiments shown in Figures 6-8, a JFET is used in place of a 
photodiode used in typical CMOS imagers. One skilled in the art will recognize that these 
circuits are exemplary and illustrative and JFETs could be integrated into CMOS circuits in 
other ways without departing from the spirit of the invention. 

Turning to Figure 9, a graph showing fill factors on a vertical axis and pixel pitch on a 
horizontal axis for JFET/CMOS active pixel sensors and conventional CMOS active pixel 
sensors is shown. Pixel pitch is defined as the size of the pixel. As can be seen from the 
graph, a typical three transistor CMOS APS pixel C05LA has a fill factor of approximately 
20% in a 7 micron APS pixel. In contrast, a JFET/CMOS APS pixel according to a disclosed 
embodiment has a fill factor in the 40 to 50% range for the same size pixel. Under some 
circumstances, a JFET/CMOS APS may even have a higher fill factor than a multi-transistor 
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PPS pixel. For example, a standard two transistor PPS CMOS pixel C06TA (i.e., 0.6\xm 
CMOS technology with analog device modules) has a fill factor of approximately 50% in a 10 
micron PPS pixel. However, a single transistor JFET/CMOS APS pixel of the same pixel 
pitch has a fill factor in the range of approximately 60 to 75%. One skilled in the art will 
5 recognize that these graphs are exemplary and illustrative and other fill factors are possible 
depending upon the circuit configuration of the APS or PPS pixels. Pixel pitch down to 7p.m 
is shown in Figure 9 because minimum CMOS technology feature size down to 0.5 um are 
compared to the corresponding JFET/CMOS technology. Sub-0.5um technology and the 
corresponding shrink in the minimum feature would allow a similar comparison and show a 
10 similar advantage at an even smaller pitch. 0.5 um is used in this example because 0.5um 

technology is available at very low production cost and is therefore the current technology of 
choice for producing CMOS imagers. 

I A technique of manufacture 1000 for the JFET/CMOS structure of Figures 5-9 is 

shown in Figure 10. The manufacture process is commenced with a step 1002 of forming an 

- 1 5 active region on a silicon wafer substrate workpiece. This can be done by growing a layer of 

silicon dioxide over the entire surface of the water. On top of the oxide, a layer of silicon 
nitride (Si 3 N 4 ) ("nitride") is deposited, typically using a chemical vapor deposition (CVD) 
technique. Then the nitride layer is coated with a layer of photoresist, typically by a spin- 
coating technique. Next, a light source such as a mercury vapor lamp or an ultraviolet 
20 excimer laser illuminates the wafer through an interposed mask to remove the photoresist 

material in the desired active regions. Then, the exposed sections of the nitride layer are 
etched by immersion in a hydrofluoric acid (HF) solution. In a step 1004, an n-well is formed 
on the workpiece to a desired depth. The n-well is formed by using an ion implanter to 
accelerate a dopant of charged ions (typically phosphorous) into the surface of the wafer. The 
25 ions go through the exposed oxide layer, but stick in the photoresist/nitride layer, creating the 
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n-well. A p-well is next formed to a desired depth in a step 1006 using similar techniques. 
Field oxidation is then performed in a step 1008: the remaining photoresist material is 
removed, then a thicker oxide layer is deposited over the n-well region. The nitride layer 
prevents oxide growth on undesired areas of the wafer. After the field oxidation of step 1008, 
successive steps of N-channel implantation 1010 and P-channel implantation 1012 are 
performed with materials that provide a desired threshold voltage (V T ) in the active region. 
The remaining nitride layer is removed, and implantation with a dopart of BF2 or other 
suitable material adjusts the V T . The thick oxide layer prevents the implantation from 
affecting the n-well region. Thereafter, a step 1014 of gate oxidation and poly silicon 
deposition is performed. All of the oxide is removed, and a new thin layer of oxide is grown, 
followed by a nitride layer. The oxide layer is used to prevent thermal expansion problems 
that would be caused of the nitride layer were directly deposited on the silicon wafer. 

Again, active regions are formed by patterning the nitride (covering with photoresist, 
exposing, developing, etching, and removing the remaining photoresist) to make areas for 
building transistors. Then a high-pressure oxidation grows thick oxide wherever the nitride 
was removed. Next, the nitride is removed and enough oxide is removed to remove all of the 
oxide under the nitride regions. Then the entire wafer is covered with a polysilicon layer. In 
a step 1016, the CMOS gate is formed in an active region. The polysilicon is patterned to 
form the two regions that will be the gates of the CMOS structure. The wafer is again 
covered with photoresist. The photoresist is removed over the region of the n-channel CMOS 
device, but left covering the p-channel device. (CMOS structures inherently have both n- 
channel and p-channel devices, hence the "complementary".) A little area near the edge of 
the n-well is also left uncovered to allow implantation for making a contact later. 

Steps 1002-1016 are conventional steps for forming a CMOS structure. Once the 
foregoing processing steps are completed, the technique 1000 includes several intermediate 
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steps for forming the JFET of the CMOS device. In a step 1018, a JFET oxide etch and 
channel implant is performed. Specifically in the step 1018, an oxide layer is deposited, 
followed by an oxide etch, and finally channel and punch-thru implantation is completed. 
The punch-thru implantation stops a short channel effect where the gate is very small. The 
5 technique 1000 further includes a JFET gate polysilicon deposition step 1020. In the step 
1020, a polysilicon layer is deposited, BF 2 is implanted, and a nitride layer is deposited. A 
final JFET intermediate step of the technique 1000 is a JFET polysilicon gate formation step 
1022. In the step 1022, a nitride etch is performed, followed by a polysilicon etch. Steps 
1018-1022 are typical of a JFET formation process. In accordance with the disclosed 

AO technique, the JFET formation process is applied to a JFET integrated into a CMOS device. 

One advantage of a JFET/CMOS structure is the low noise characteristics of a JFET. One 
application of such a JFET/CMOS structure is an imager. Steps 1018-1022 can be performed 
using a single mask. By performing these steps using a single mask, production cost is 

" minimized and process uniformity is maximized. 

=15 After the foregoing intermediate steps, the technique 1000 proceeds with additional 

conventional CMOS process steps. In particular, an N-lightly doped drain (Nldd) implant is 
performed in a step 1024. The step 1024 is followed by a P-lightly doped drain (Pldd) 
implant step 1026. The wafer is exposed to phosphorous ions in the implanter. The 
polysilicon gate, field oxide, and photoresist block implantation, so n-type regions in the p- 
20 type substrate are formed, as well as n-channel Metal Oxide Semiconductor (MOS) 
source/drain regions. The photoresist is then stripped, and new photoresist is applied and 
patterned for a boron p-type implant. A step 1028 next forms a spacer in a lightly doped drain 
(LDD) spacer formation procedure. In a step 1030, an n+ contact is formed. A p+ contact is 
formed in a step 1032. All of the photoresist is removed, and another oxide layer is deposited 
25 over the surface. Photoresist is again placed over the entire wafer and patterning for contact 
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holes is created through the oxide. Contact holes for the drains and sources are created, 
making sure the holes are big enough to connect the source contact to either the p-substrate or 
the n-well as appropriate. Source-drain activation for the CMOS gates next occurs in a step 
1034. The step 1032 includes activation and removal of the JFET nitride layer. Finally, a 
step 1036 includes salicidation, W-plug and first metal procedures. A sputtering mechanism 
can be used to coat the entire surface with a conductor. Another photoresist, patterning, and 
etching step is done to remove the conductor. Aluminum can be used as the conductor. 
Solicidation is used to lower resistance and makes creation of a tungsten (W) plug connector 
easier. One skilled in the art will recognize that additional metal layers above the first metal 
layer can be formed as required for the circuit. CMOS fabrication has typically only involved 
steps 1002-1016 and steps 1024-1036. The JFET formation steps 1018-1022 are not 
generally performed in standard CMOS processes and are therefore not "standard." 
Incorporation of the JFET therefore involves significant investments, including 
characterization of the resulting JFETs and the influence of such steps on the standard CMOS 
devices. 

The disclosed embodiments are not exhaustive and are only exemplary for CMOS 
chips, imagers, and processes. The particular structure and connections in a particular 
embodiment may depend upon the particular implementation and the included devices and 
resources. Although a system and method according to the present invention has been 
described in connection with the preferred embodiment, it is not intended to be limited to the 
specific form set forth herein, but on the contrary, it is intended to cover such alternatives, 
modifications, and equivalents, as can be reasonably included within the spirit and scope of 
the invention as defined by the appended claims. 
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CLAIMS 

We claim: 



1 LA complementary metal oxide semiconductor (CMOS) device with an 

2 integrated photosensitive junction field-effect transistor (JFET), the device comprising: 

3 a silicon substrate; 

4 a JFET formed on a surface of the silicon substrate, the JFET including a 

5 photo-absorbing layer formed on the surface of the silicon substrate; and 

6 an overglass layer formed over the JFET adapted to admit photons to the 
> 7 photo-absorbing layer of the JFET, 

: 8 wherein the JFET detects incident photons admitted through the overglass 

: - 9 layer and produces an amplified electrical signal corresponding to the photons 

JO detected. 



1 2. A CMOS device as in claim 1, 

2 wherein the JFET provides a relatively low corner frequency. 

1 3. A CMOS device as in claim 1, 

2 wherein an input refereed noise of the JFET is relatively low. 

1 4. A CMOS active pixel sensor (APS) pixel supported on a substrate comprising: 

2 a junction field-effect transistor (JFET) adapted to detect photons and produce 

3 an amplified electrical signal corresponding to the photons detected; and 

4 a readout switch transistor coupled to a drain terminal of the JFET. 
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1 5. A CMOS APS pixel as in claim 4, 

2 wherein a source terminal of the readout switch transistor is connected to a bus 

3 and a resistor, forming a source follower circuit. 

1 6. A CMOS APS pixel as in claim 4, further comprising: 

2 a first resistor connected between a gate terminal of the JFET and a drain 

3 terminal of the readout switch transistor; and 

4 a second resistor connected between a source terminal of the JFET and the 

5 drain terminal of the readout switch transistor, wherein the first and second resistors 

6 provide positive feedback and laser trimmability, and 

7 wherein a source terminal of the readout switch transistor is connected to a bus 

8 and a current source, forming a source follower. 

1 7. A CMOS APS pixel as in claim 4, 

2 wherein the JFET is contained in a differential amplifier circuit. 

1 8. A digital camera, comprising: 

2 a CMOS active pixel sensor (APS) imager providing image data, the imager 

3 comprising: 

4 an array of CMOS APS pixels comprising a plurality of junction field- 

5 effect transistors (JFETs) adapted for photodetection and electrical signal 

6 amplification. 
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1 9. A digital camera as in claim 8, the array of CMOS APS pixels comprising: 

2 a silicon substrate; 

3 a JFET formed on the surface of the silicon substrate comprising: 

4 a photo absorbing layer formed on a surface of the silicon substrate; 

5 an overglass layer formed over the JFET adapted to admit photons to 

6 the photo-absorbing layer of the JFET 

7 wherein the JFET detects incident photons admitted through the overglass 
_~ 8 layer and produces an amplified electrical signal corresponding to the photons 

9 detected. 

1 1 0. A digital camera as in claim 8, the CMOS APS pixels further comprising: 

2 a readout switch transistor coupled to a drain terminal of the JFET. 

1 11. A digital camera as in claim 10, wherein a source terminal of the readout 

2 switch transistor is connected to a bus and a resistor, forming a source follower circuit. 
3 

1 1 2. A digital camera as in claim 1 0, wherein each JFET of the plurality of JFETs is 

2 contained in a differential amplifier circuit. 

1 13. A process of fabricating a CMOS integrated circuit device with JFETs on a 

2 wafer of semiconductor material, the wafer including a substrate and a silicon wafer layer 

3 thereon, the process comprising sequentially performing the steps of: 
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4 forming an active region on the silicon wafer layer; 

5 forming an N-well region of predetermined depth in the silicon wafer layer; 

6 forming a P-well region of predetermined depth in the silicon wafer layer; 

7 depositing a field oxide layer on the n-well region; 

8 implanting a dopant to form an N-channel of a desired threshold voltage in the 

9 active region; 

10 implanting a dopant to form a P-channel of a desired threshold voltage in the 

1 1 active region; 

12 depositing an oxide layer and a poly silicon layer on the wafer; 

1 3 etching the polysilicon layer to form a CMOS gate in the active region; 

1 4 forming a JFET area in the active region; 

1 5 implanting a N lightly doped drain in the substrate; 

16 implanting a P lightly doped drain in the substrate; 

17 forming a lightly doped drain spacer in the substrate; 

1 8 forming an n+ contact to the n-well; 

1 9 forming an p+ contact to the p-well; 

20 activating CMOS source and drain contacts for the CMOS gates; 

2 1 salicidizing the wafer; 

22 forming a tungsten plug in the CMOS integrated circuit device; and 

23 forming a metal layer on the CMOS integrated circuit device. 
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1 1 4. A process as in claim 1 3, wherein the step of forming a JFET area comprises: 

2 creating and implanting a channel in the JFET area; 

3 depositing polysiiicon and nitride layers for JFET gate formation on the JFET 

4 area; and 

5 forming a JFET gate in the JFET area. 



1 15. A process as in claim 14, the step of depositing layers for JFET gate formation 

2 comprising the steps of: 

3 depositing a polysiiicon layer on the JFET area; 

4 implanting the polysiiicon layer with boron difluoride ions; and 

5 depositing a nitride layer on the polysiiicon layer. 

1 1 6. A process as in claim 14, the step of forming a JFET gate comprising the steps 

2 of: 

3 etching the nitride layer; and 

4 etching the polysiiicon layer. 



1 17. A process as in claim 14, the step of creating and implanting a channel in the 

2 JFET area comprising the step of: 

3 depositing an oxide layer in the JFET area. 
4 

5 18. The process as in claim 14, the step of activating CMOS source and drain 

6 contacts comprising the step of: 
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7 removing the nitride layer in the JFET area. 

1 19. A process as in claim 13, further comprising the step of: 

2 forming a CMOS APS imager from the CMOS integrated circuit device. 
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ABSTRACT 

A photodetector is formed in a CMOS circuit using a junction field-effect transistor 
(JFET). The JFET/CMOS photodetector can be used to create an active pixel sensor for a 
CMOS digital imager, performing both photodetection and electrical signal amplification, 
allowing higher fill factors than with conventional APS imagers. A standard CMOS 
fabrication process is augmented with a small number of steps to integrate the JFET within 
the pixel, allowing the use of conventional CMOS fabrication plants. 
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filing date of this application. 



(Provisional Application) (Filing Date) (Status) 



I hereby appoint the following attorneys and/or agents to prosecute this application and to 
transact all business in the Patent and Trademark Office connected therewith: 



[ ] was filed on_ 



as Application Serial No. 
and was amended on 



(if applicable). 



James D. Bennett, 
H. Shannon Tyson, Jr. 



Reg. No. 37,550 

Reg. No. 42,193 

Reg. No. 34,791 

Reg. No. 17,920 
Reg. No. 42,569 

Reg. No. 36,810 

Reg. No. 31,834 

Reg. No. 43,668 

Reg. No. 35,927 

Reg. No. 36,706 



Michael R. Cannatti, 
James B. Gambrell, 
Mark J, Gatschet, 
Dennis W. Gilstad, 
Gary W. Hamilton, 
Mira L. Helms, 



H. Dale Langley, 
Gloria L. Norberg, 
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Russell C. Scott, 
Adam D. Sheehan, 
Richard J. Smith, 
Pete A. Smits, 
GaryR. Stanford, 
J. Davis Gilmer, 
Christopher J. Rourk, 
David R. Clonts, 
Greg K. Goshorn, 
George W. Jordan, III, 
John A. Tang, 
Richard A. Schafer, 
R. Scott Rhoades, 
ShayneX. Short, 
Mason A. Gross 



Reg. No. 43,103 
Reg. No. 42,146 
Reg. No. 30,496 
Reg. No. 39,036 
Reg. No. 35,689 
Reg. No. P-44,711 
Reg. No. 39,348 
Reg. No. 36,768 
Reg. No. P-44,721 
Reg. No. 41,880 
Reg. No. 43,404 
Reg. No. P-45,078 
Reg. No. 44,300 
Reg. No. P-45,105 
Reg. No. 40,006 



Akin, Gump, Strauss, Hauer & Feld, L.L.P. 
8 1 6 Congress Avenue, Suite 1 900 
Austin, TX 78701 
(512) 499-6219; and 

Akin, Gump, Strauss, Hauer & Feld, L.L.P. 

1 900 Pennzoil Place-South Tower 

711 Louisiana Street 

Houston, Texas 77002 

(713)220-5800 



I also hereby appoint the following attorney(s) and/or agent(s) to prosecute this application 
and to transact all business in the Patent and Trademark Office connected therewith: 

Daniel N. Yannuzzi, Reg. No. 36,727 
Semion Talpalatsky, Reg. No. 35,380 

Address all telephone calls to David R. Clonts at telephone no. (713) 220-5800 
Address all correspondence to David R. Clonts 

Akin, Gump, Strauss, Hauer & Fe ld, L.L.P. 

1900 Pennzoil Place-South Tower 

711 Louisiana Street 

Houston, Texas 77002 



I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 



044368.0124 HOUSTON 129879 vl 



2 



Docket No.: 98RSS367 



First named inventor: 

Full name Letter J. Kozlowski 

Inventor's Signature 
Residence Simi Valley, ' 
Post Office Address 212 Golden Fern Court. Simi Valley, CA 93065 



Lester J. Kozlowski 

(^<^^^g4-w^j Date 3/X7/eo&Q 
/alley, CAW Citizenship: USA 



Second named inventor: 

Full name Frank Chang 

Inventor's Signature Date 

Residence Thousand Oaks', CA Citizenship: USA 

Post Office Address 3122 Montagne Way, Thousand Oaks. CA 91362 



Third named inventor: 

Full name Wu-Jing Ho 

Inventor's Signature Date 

Residence Cupertino. CA Citizenship: USA 

Post Office Address 10126 Carmen Road, Cupertino, CA 95014 
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